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(54) Speed change mechanism of automatic transmission 



(57) A single pinion type planetary gear unit (G2) 
and a double sun gear type planetary gear units (G3) 
are coaxial ly arranged on different positions of a given 
axis of an input shaft. First and second brakes (B1 ,B2) 
are coaxially arranged on different positions of the given 
axis. The first brake (B1) selectively fixes a carrier (P3) 
of the double sun gear type planetary gear unit (G3) and 
the second brake (B2) selectively fixes an outer one of 
the sun gears (S3,S4) of the double sun gear type plan- 
etary gear unit (G3). First and second clutches (C1 ,C2) 
are coaxially arranged on different positions of the given 
axis to transmit a speed changed rotation to rotational 



elements of the two planetary gear unit (G1 ,G2) to pro- 
vide an associated automatic transmission with a de- 
sired speed. The first clutch (C1) transmits the speed 
changed rotation to the ring gear (R2) of the single pin- 
ion type planetary gear unit (G2), and the second clutch 
(C2) transmits the speed changed rotation to the sun 
gear (S2) of the single pinion type planetary gear unit 
(G2). The first and second clutches (C1 ,C2) are coaxi- 
ally arranged in the vicinity of the single pinion type plan- 
etary gear unit (G2) having the second clutch (C2) po- 
sitioned in a space defined between the first clutch and 
the input shaft. 



FIG.1 




1 



EP 1 389 696 A2 



2 



Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0001 ] The present invention relates in general to au- 
tomatic transmissions for wheeled motor vehicles, and 
more particularly a speed change mechanism of the au- 
tomatic transmissions, which comprises two planetary 
gear units which are coaxially arranged, two clutches 
which are arranged to selectively transmit a speed- 
changed input rotation to rotational elements of the 
mechanism and brakes which are arranged to selective- 
ly fix other rotational elements of the mechanism for al- 
lowing the transmission to assume a desired speed or 
position. 

2. Field of the Related Art 

[0002] Nowadays, for improving fuel consumption 
and drivability of the motor vehicles, the speed change 
mechanisms of automatic transmissions have a tenden- 
cy to increase the number of speeds, viz., speed posi- 
tions. One of them is shown in Laid-open Japanese Pat- 
ent Application (Tokkai) 2000-55152, which comprises 
a planetary gear unit that mainly reduces the speed of 
rotation transmitted from the engine, a speed change 
mechanism that is arranged behind the planetary gear 
unit, two direct clutches that are capable of directly 
transmitting the rotation of the engine to rotational ele- 
ments of the speed change mechanism and brakes that 
are capable of fixing the rotational elements of the speed 
change mechanism, for allowing the transmission to 
have a plurality of speeds. 

[0003] The speed change mechanism of the above- 
mentioned application employs a Ravigneawx type 
planetary gear unit. That is, by selectively engaging or 
disengaging the clutches and brakes in a controlled 
manner, the rotational elements of the speed change 
mechanism are arranged to constitute a power transmit- 
ting path for a desired speed. 

[0004] However, due to its inherent construction, us- 
age of the Ravigneawx type planetary gear unit as the 
speed change mechanism causes the mechanism to 
have a bulky construction, that is, a bulky construction 
whose size is enlarged in a radial direction. That is, for 
transmitting the speed reduced input rotation (viz., 
speed changed rotation) from the speed reducing plan- 
etary gear unit to the two sun gears of the Ravigneawx 
type planetary gear unit through the above-mentioned 
two clutches, there is a need of providing two connecting 
members, one being for connecting one of the clutches 
to one of the sun gears and the other being for connect- 
ing the other clutch to the other sun gear. However, due 
to inevitability in layout, the two connecting members 
are compelled to have axially extending portions which 
are concentrically overlapped on each other, which 



causes enlargement of the speed change mechanism 
in a radial direction. 

SUMMARY OF THE INVENTION 

[0005] It is therefore an object of the present invention 
to provide a speed change mechanism of an automatic 
transmission, which can provide the transmission with 
a plurality of speeds without enlarging the radial size 
thereof. 

[0006] That is, according to the present invention, 
there is provided a speed change mechanism of an au- 
tomatic transmission wherein a rotation from one clutch 
is transmitted to a sun gear of the speed change mech- 
anism through one connecting member, a rotation from 
the other clutch is transmitted to a ring gear of the speed 
change mechanism through another connecting mem- 
ber, and these two connecting members are arranged 
at the same side of the speed change mechanism, and 
wherein the two connecting members have no portions 
that are concentrically overlapped on each other. 
[0007] According to a first aspect the present inven- 
tion, there is provided a speed change mechanism of 
an automatic transmission, which comprises a single 
pinion type planetary gear unit concentrically disposed 
on a position of a given axis and includes a sun gear, 
pinions meshed with the sun gear, a ring gear meshed 
with the pinions and a carrier rotatably carrying the pin- 
ions; a double sun gear type planetary gear unit con- 
centrically disposed on the other position of the given 
axis and includes two sun gears, pinions meshed with 
the two sun gears, a ring gear meshed with the pinions 
and a carrier rotatably carrying the pinions; first and sec- 
ond brakes concentrically arranged on different posi- 
tions of the given axis, the first brake being arranged to 
selectively fix the carrier of the double sun gear type 
planetary gear unit and the second brake being ar- 
ranged to selectively fix one of the two sun gears of the 
double sun gear type planetary gear unit; and first and 
second clutches coaxially arranged on different posi- 
tions of the given axis to transmit a speed changed ro- 
tation to rotational elements of the two planetary gear 
units to provide the automatic transmission with a de- 
sired speed, wherein the first clutch is arranged to trans- 
mit the speed changed rotation to the ring gear of the 
single pinion type planetary gear unit, and the second 
clutch is arranged to transmit the speed changed rota- 
tion to the sun gear of the single pinion type planetary 
gear unit; and wherein the first clutch is concentrically 
arranged around the single pinion type planetary gear 
unit, and the second clutch is coaxially arranged beside 
the first clutch at a position that is away from the double 
sun gear type planetary gear unit as compared with the 
single pinion type planetary gear unit. 
[0008] According to a second aspect of the present 
invention, there is provided a speed change mechanism 
of an automatic transmission having an input shaft that 
is rotatable about an axis, the speed change mechanism 
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comprising a single pinion type planetary gear unit con- 
centrically disposed around a position of the axis near 
the input shaft and includes a sun gear, pinions meshed 
with the sun gear, a ring gear meshed with the pinions 
and a carrier rotatably carrying the pinions; a double sun 
gear type planetary gear unit concentrically disposed 
around the other position of the axis away from the input 
shaft and includes two sun gears, pinions meshed with 
the two sun gears, a ring gear meshed with the pinions 
and a carrier rotatably carrying the pinions, the two sun 
gears being an inner sun gear directed toward the input 
shaft and an outersun gear directed away from the input 
shaft; first and second brakes coaxially arranged around 
different positions of the axis, the first brake selectively 
fixing the carrier of the double sun gear type planetary 
gear unit and the second brake selectively fixing the out- 
er sun gear of the double sun gear type planetary gear 
unit; and first and second clutches coaxially arranged 
around different positions of the axis, the first clutch se- 
lectively transmitting a speed changed rotation to the 
ring gear of the single pinion type planetary gear unit, 
and the second clutch selectively transmitting a speed 
changed rotation to the sun gear of the single pinion type 
planetary gear unit, wherein the first and second clutch- 
es are arranged in the vicinity of the single pinion type 
planetary gear unit having the second clutch positioned 
in a space defined between the first clutch and the input 
shaft. 

[0009] According to a third aspect of the present in- 
vention, there is provided a speed change mechanism 
of an automatic transmission having an input shaft that 
is rotatable abo ut an axis, the speed change mechanism 
comprising a single pinion type planetary gear unit con- 
centrically disposed around a position of the axis near 
the input shaft and includes a sun gear, pinions meshed 
with the sun gear, a ring gear meshed with the pinions 
and a carrier rotatably carrying the pinions; a double sun 
gear type planetary gear unit concentrically disposed 
around the other position of the axis away from the input 
shaft and includes two sun gears, pinions meshed with 
the two sun gears, a ring gear meshed with the pinions 
and a carrier rotatably carrying the pinions, the two sun 
gears being an inner sun gear directed toward the input 
shaft and an outersun gear directed away from the input 
shaft; first and second brakes coaxially arranged around 
different positions of the axis, the first brake selectively 
fixing the carrier of the double sun gear type planetary 
gear unit and the second brake selectively fixing the out- 
er sun gear of the double sun gear type planetary gear 
unit; first and second clutches coaxially arranged 
around different positions of the axis; a first connecting 
member through which a speed changed rotation is 
transmitted to the ring gear of the single pinion type plan- 
etary gear unit from the first clutch; and a second con- 
necting memberthrough which a speed change is trans- 
mitted to the sun gear of the single pinion type planetary 
gear unit from the second clutch, wherein the first and 
second connecting members have no portions which 



are concentrically overlapped around the axis. 

BRIEF DESCRIPTION OF THE DRAWINGS 

5 [0010] Other objects and advantages of the present 
invention will become apparent from the following de- 
scription when taken in conjunction with the accompa- 
nying drawings, in which: 

10 Fig. 1 is a schematic view of a speed change mech- 
anism of an automatic transmission, which is an 
embodiment of the present invention; 
Fig. 2 is atable showing a relationship between ON/ 
OFF condition of each friction element and speeds, 

15 which is established in the speed change mecha- 
nism of the present invention; 
Figs. 3 to 8 are views similar to Fig. 1 , but showing 
torque transmitting paths established in first, sec- 
ond, third, fourth, fifth and sixth speeds of the speed 

20 change mechanism of the present invention, re- 
spectively; 

Fig. 9 is a view similar to Fig. 1 , but showing a torque 
transmitting path established in a reverse position 
of the speed change mechanism of the present in- 
25 vention; 

Fig. 1 0 is a schematic view of the speed change 
mechanism of the present invention; and 
Fig. 11 is an enlarged view of a part of the view of 
Fig. 10, which is essential in the present invention. 

30 

DETAILED DESCRIPTION OF THE INVENTION 

[001 1 ] In the following, the embodiment of the present 
invention will be described in detail with reference to the 

35 accompanying drawings. 

[0012] Fig. 1 shows schematically a speed change 
mechanism of an automatic transmission, which is the 
embodiment of the present invention. 
[0013] In the drawing, denoted by references G1 , G2 

40 and G3 are first, second and third planetary gear units 
which are coaxially arranged in order. Denoted by ref- 
erences M1 and M2 are first and second connecting 
structures, denoted by references C1 , C2 and C3 are 
first, second and third clutches, and denoted by refer- 

45 ences B1 and B2 are first and second brakes. Denoted 
by references "Input" and "Output" are input and output 
portions, viz., an input shaft 1 and an output gear 2, re- 
spectively. 

[0014] In the embodiment, the first and second plan- 
50 etary gear units G1 and G2 are of a single pinion type, 
and the third planetary gear unit G3 is of a double sun 
gear type. 

[0015] The first planetary gear unit G1 is arranged to 
constitute a speed reduction mechanism and the sec- 
55 ond and third planetary gear units G2 and G3 are ar- 
ranged to constitute a speed change mechanism which 
is arranged behind the speed reduction mechanism. 
[0016] The first planetary gear unit G1 comprises a 
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constantly fixed first sun gear S1 , a first ring gear R1, 
first pinions P1 meshed with both the gears S1 and R1 , 
and a first carrier PC1 rotatabiy holding the first pinions 
P1. 

[0017] The second planetary gear unit G2 comprises 
a sun gear S2, a second ring gear R2, second pinions 
P2 meshed with both the gears S2 and R2, and a second 
carrier PC2 rotatabiy holding the second pinions P2. 
[0018] The third planetary gear unit G3 comprises a 
third sun gear S3 located near the input portion "Input", 
a fourth sun gear S4 located a way from the input portion 
"Input", third pinions P3 meshed with both the third and 
fourth sun gears S3 and S4, a third carrier PC3 rotatabiy 
holding the third pinions P3, and a third ring gear R3 
meshed with the third pinions P3. 
[001 9] Although the third and fourth sun gears S3 and 
S4 are arranged coaxially, it is not always necessary for 
them to have the same number of teeth. 
[0020J To the third carrier PC3, there is connected a 
center member CM which extends radially inward be- 
tween the third and fourth sun gears S3 and S4. Fur- 
thermore, to the third carrier PC3, there is connected an 
outer member OM which extends radially outward. 
[0021] As will be described in detail hereinafter, the 
outer member OM has a unique arrangement. 
[0022] The center member CM is arranged on a pitch 
circle of the third pinions P3 and has portions each ex- 
tending radially inward between neighboring two of the 
third pinions P3. As shown, the portions of the center 
member CM are integral with one part of the clutch C3. 
[0023] The input portion "Input" is the input shaft 1, 
and the input shaft 1 is connected to the first ring gear 
R1 . Although not shown in the drawing, the input shaft 
1 is driven by an engine of the vehicle through a torque 
converter. Thus, the power of the engine is fed to the 
first ring gear R1 through the torque converter and the 
input shaft 1. 

[0024] The output portion "Output" is the output gear 
2. The output gear 2 is connected with both the second 
carrier PC2 and the third ring gear R3 through the sec- 
ond connecting structure M2. Although not shown in the 
drawing, the output gear 2 is engaged with a final gear 
unit, and thus the output rotation of the output gear 2 is 
transmitted to driven road wheels of the vehicle through 
the final gear unit and a differential gear unit. 
[0025] The first connecting structure M1 is a member 
to integrally connect the second sun gear S2 and the 
third sun gear S3. 

[0026] As shown, thefirst sun gearSI of the first plan- 
etary gear unit G1 is fixed to a transmission case 3 and 
thus it is constantly fixed. The first carrier PC1 is con- 
nectable to the second ring gear R2 through the first 
clutch C1 , and furthermore, the first carrier PC1 is con- 
nectable to the second sun gear S2 through the second 
clutch C2. 

[0027] The center member CM of the third carrier PC3 
is connectable to the input shaft 1 through the third 
clutch C3, and thus the third clutch C3 can constitute a 



direct clutch that directly transmits the input rotation to 
a speed change mechanism that includes the second 
and third planetary gear units G2 and G3. 
[0028] The outer member OM of the third carrier PC3 

5 of the third planetary gear unit G3 is connectable to the 
transmission case 3 through the first brake B1 , and thus 
the third carrier PC3 is fixable. The fourth sun gear S4 
is connectable to the transmission case 3 through the 
second brake B2, and thus the fourth sun gear S4 is 

10 fixable. 

[0029] When the above-mentioned clutches C1 , C2 
and C3 and brakes B1 and B2 are engaged or disen- 
gaged in a manner as is indicated by the table of Fig. 2, 
six forward speeds and one reverse position can be se- 
15 lectively assumed by the speed change mechanism. Al- 
though not shown in the drawing, the frictional elements, 
viz., clutches C1 , C2 and C3 and brakes B1 and B2, are 
driven or controlled by a control valve unit (not shown). 
The control valve unit may be of a hydraulic type, elec- 
20 tronic type or a combination of these types. 

[0030] In the following, operation of the speed change 
mechanism will be described with reference to Figs. 2 
to 9 of the drawings. 

[0031] Fig. 2 is a table depicting the engaged/disen- 
gaged condition of each frictional element with respect 
to a speed (or reverse) assumed by the transmission 
(viz., speed change mechanism), Figs. 3 to 8 are draw- 
ings showing torque transmitting paths established in 
first to sixth speeds of the speed change mechanism 
respectively and Fig. 9 is a drawing showing the torque 
transmitting path established in the reverse position of 
the speed change mechanism. 
[0032] In Figs. 3 to 9, the torque transmitting paths 
are illustrated by thicker lines and the elements that par- 
ticipate in the torque transmission are hatched. 

First Speed 

[0033] As is seen from the table of Fig. 2, in the first 
speed of the speed change mechanism, the first clutch 
C1 and the first brake B1 are engaged. 
[0034] As is seen from Fig. 3, in the first speed, due 
to the engagement of the first clutch C1, a reduced 
speed rotation of the first planetary gear unit G1 is in- 
putted to the second ring gear R2 of the second plane- 
tary gear unit G2. In addition, due to the engagement of 
the first brake B1 inducing fixing of the third carrier PC3 , 
rotation of the third ring gear R3 causes a reduced 
speed rotation of the third sun gear S3 in an opposite 
direction. The rotation of the third sun gear S3 is trans- 
mitted to the second sun gear S2 of the second plane- 
tary gear unit G2 through the first connecting structure 
M1. 

[0035] Accordingly, at the second planetary gear unit 
G2, there are inputted a reduced speed rotation in a nor- 
mal direction from the second ring gear R2 and a re- 
duced speed rotation in an opposite direction from the 
second sun gear S2, so that a rotation whose speed is 
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much reduced as compared with the rotation of the sec- 
ond ring gear R2 is transmitted to the output gear 2 
through the second carrier PC2 and second connecting 
structure M2. 

[0036] The torque transmitting path established in this 
first speed is illustrated by thicker lines. That is, the first 
clutch C1 , the first brake B1 , the first and second con- 
necting structures M1 and M2, the outer member OM, 
the first and second planetary gear units G1 and G2 and 
the third planetary gear unit G3 except the fourth sun 
gear S4 are applied with a certain torque. 
[0037] That is, in the first speed, the first planetary 
gear unit G1 and the second and third planetary gear 
units G2 and G3 which constitute the speed change 
mechanism behind the first planetary gear unit G1 par- 
ticipate in the torque transmission. 

Second Speed 

[0038] As is seen from the table of Fig, 2, in the sec- 
ond speed, the first clutch C1 and the second brake B2 
are engaged. Thus, if the second speed would take 
place following the first speed, the first brake B1 is re- 
leased and the second brake B2 is engaged. 
[0039] As is seen from Fig. 4, in the second speed, 
due to the engagement of the first clutch C1 , a reduced 
speed rotation of the first planetary gear unit G1 is in- 
putted to the second ring gear R2 of the second plane- 
tary gear unit G2. In addition, due to the engagement of 
the second brake B2, the fourth sun gear S4 is fixed to 
the transmission case 3 and thus the third sun gear S3 
connected to the third pinions P3 is fixed, and the sec- 
ond sun gear S2 connected to the third sun gear S3 
through the first connecting structure M1 is fixed to the 
transmission case 3. 

[0040] Accordingly, at the second planetary gear unit 
G2, there is inputted a reduced speed rotation in a nor- 
mal direction from the second ring gear R2 inducing fix- 
ing of the second sun gear S2, so that a rotation whose 
speed is much reduced as compared with the rotation 
of the second ring gear R2 (but higher than the rotation 
in the first speed) is transmitted to the output gear 2 
through the second carrier PC2 and the second con- 
necting structure M2. 

[0041 ] The torque transmitting path established in this 
second speed is illustrated by thicker lines. That is, the 
first clutch C1 , the second brake B2, the first and second 
connecting structures M1 and M2, and thefirst and sec- 
ond planetary gear units G1 and G2 are applied with a 
certain torque. 

[0042] However, in the third planetary gear unit G3, 
due to turning of the third ring gear R3, the third pinions 
P3 is turned around both the third and fourth sun gears 
S3 and S4 which are fixed to the transmission case 3. 
Thus, even when serving as a rotation element, the third 
planetary gear unit G3 does not participate in the torque 
transmission. 



Third Speed 

[0043] As is seen from the table of Fig. 2, in the third 
speed, the first and second clutches C1 and C2 are en- 

s gaged. Thus, if the third speed would take place follow- 
ing the second speed, the second brake B2 is released 
and the second clutch C2 is engaged. 
[0044] As is seen from Fig. 5, in the third speed, due 
to the engagement of the first clutch C1, a reduced 

10 speed rotation of the first planetary gear unit G1 is in- 
putted to the second ring gear R2, and at the same time, 
due to the engagement of the second clutch C2, the re- 
duced speed rotation is inputted to the second sun gear 
S2. 

15 [0045] Accordingly, at the second planetary gear unit 
G2, there are inputted the same reduced speed rota- 
tions from the second ring gear R2 and the second sun 
gear S2, so that a reduced speed rotation (which is the 
same as that of the first planetary gear unit G1) is out- 

20 putted from the second carrier PC2 which rotates inte- 
grally with the gears R2 and S2 to the output gear 2 
through the second connecting structure M2. 
[0046] The torque transmitting path established in this 
third speed is illustrated by thicker lines. That is, the first 

25 clutch C1 , the second clutch C2, the second connecting 
structure M2, and the first and second planetary gear 
units G1 and G2 are applied with a certain torque. 
[0047] It is to be noted that like in the second speed, 
the third planetary gear unit G3 does not participate in 

30 the torque transmission. 

Fourth Speed 

[0048] As is seen from the table of Fig. 2, in the fourth 
35 speed, the first and third clutches C1 and C3 are en- 
gaged. Thus, if the fourth speed would take place fol- 
lowing the third speed, the second clutch C2 is released 
and the third clutch C3 is engaged. 
[0049] As is seen from Fig. 6, in the fourth speed, due 
40 to the engagement of the first clutch C1, a reduced 
speed rotation of the first planetary gear unit G1 is in- 
putted to the second ring gear R2, and at the same time, 
due to the engagement of the third clutch C3, an input 
rotation of the input shaft 1 is inputted to the third carrier 
45 PC3 through the center member CM. 

[0050] Accordingly, the rotation speed of the third sun 
gear S3 becomes higher than that of the third ring gear 
R3, and the rotation of the third sun gear S3 is transmit- 
ted to the second sun gear S2 through the first connect- 
so in g structure M1. 

[0051] Thus, at the second planetary gear unit G2, 
there are inputted a reduced speed rotation from the 
second ring gear R2 and an increased speed rotation 
from the second sun gear S2, and thus a rotation whose 
55 speed is higher than the reduced speed rotation of the 
second ring gear R2 (but lower than that of the input 
shaft 1 ) is outputted to the output gear 2 from the second 
carrier PC2 through the second connecting structure 
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M2. 

[0052] The torque transmitting path established in this 
fourth speed is illustrated by thicker lines. That is, the 
first clutch C1 , the third clutch C3, the first and second 
connecting structures M1 and M2 f the center member 
CM, the first and second planetary gear units G1 and 
G2 and the third planetary gear unit G3 except the fourth 
sun gear S4 are applied with a certain torque. 



Fifth Speed 

[0053] As is seen from the table of Fig. 2, in the fifth 
speed, the second and third clutches C2 and C3 are en- 
gaged. Thus, if the fifth speed would take place following 
the fourth speed, the first clutch C1 is released and the 
second clutch C2 is engaged. 

[0054] As is seen from Fig. 7, in the fifth speed, due 
to the engagement of the second clutch C2, a reduced 
speed rotation of the first planetary gear unit G1 is in- 
putted to the third sun gear S3 through the second sun 
gear S2 and the first connecting structure M1 , and at the 
same time, due to the engagement of the third clutch 
C3, an input rotation of the input shaft 1 is inputted to 
the third carrier PC3 through the center member CM. 
[0055] Accordingly, atthe third planetary gear unit G3, 
the input rotation is applied to the third carrier PC3, and 
the reduced speed rotation of the first planetary gear 
unit G1 is inputted to the third sun gear S3, so that a 
rotation whose speed is higher than that of the input ro- 
tation is outputted to the output gear 2 through the third 
ring gear R3 and the second connecting structure M2. 
[0056] The torque transmitting path established in this 
fifth speed is illustrated by thicker lines. That is, the sec- 
ond clutch C2, the third clutch C3, the first and second 
connecting structures M1 and M2, the center member 
CM, the first planetary gear unit G1 and the third plan- 
etary gear unit G3 except the fourth sun gear S4 are 
applied with a certain torque. 

Sixth Speed 

[0057] As is seen from the table of Fig. 2, in the sixth 
speed, the third clutch C3 and the second brake B2 are 
engaged. Thus, if the sixth speed would take place fol- 
lowing the fifth speed, the second clutch C2 is released 
and the second brake B2 is engaged. 
[0058] As is seen from Fig. 8, in the sixth speed, due 
to the engagement of the third clutch C3, the input rota- 
tion of the input shaft 1 is inputted to the third carrier 
PC3 through the center member CM of the third plane- 
tary gear unit G3, and at the same time, due to the en- 
gagement of the second brake B2, the fourth sun gear 
S4 of the third planetary gear unit G3 is fixed to the trans- 
mission case 3. 

[0059] Accordingly, atthe third planetary gear unit G3, 
there is inputted the input rotation into the third carrier 
PC3, so that because of the fixing of the fourth sun gear 
S4, a rotation whose speed is higher than that of the 



input rotation is outputted to the output gear 2 from the 
third ring gear R3 through the second connecting struc- 
ture M2. 

[0060] The torque transmitting path established in this 
s sixth speed is illustrated by thicker lines. That is, the 
third clutch C3, the second brake B2, the second con- 
necting structure M2 and the third planetary gear unit 
G3 except the third sun gear S3 are applied with a cer- 
tain torque. 

10 

Reverse 

[0061] As is seen from the table of Fig. 2, in the re- 
verse, the second clutch C2 and the first brake B1 are 
15 engaged. 

[0062] As is seen from Fig. 9, in the reverse position, 
due to the engagement of the second clutch C2, a re- 
duced speed rotation of the first planetary gear unit G1 
is inputted to the third sun gear S3 through the second 
20 sun gear S2 and the first connecting structure M1 , and 
at the same time, due to the engagement of the first 
brake B1 , the third carrier PC3 is fixed to the transmis- 
sion case 3. 

[0063] Accordingly, at th e th ird plan etary gear unit G3, 

25 there is inputted a reduced speed rotation in a normal 
direction to the third sun gear S3, so that because of the 
fixing of the third carrier PC3, a reduced speed rotation 
in a reverse direction is outputted from the third ring gear 
R3 to the output gear 2 through the second connecting 

30 structure M2. 

[0064] The torque transmitting path established in this 
reverse position is illustrated by thicker lines. That is, 
the second clutch C2, the first brake B1, the first and 
second connecting structures M1 and M2, the outer 

55 member OM, the first planetary gear unit G1 and the 
third planetary gear unit G3 except the fourth sun gear 
S4 are applied with a certain torque. 
[0065] Referring to Figs. 10 and 11, particularly Fig. 
10, there is shown in a sectional manner the speed 

40 change mechanism of automatic transmission, to which 
the present invention is practically applied. Fig. 11 is an 
enlarged view of an essential part of the speed change 
mechanism of the invention. 

[0066] In the following, the detailed construction of the 
45 speed change mechanism of the present invention will 
be described with reference to the drawings. 
[0067] It is to be noted that Figs. 1 0 and 1 1 are draw- 
ings with input and output portions of the speed change 
mechanism shown at right and left portions of the draw- 
so ings, which is reversed to case of Figs. 1 and 3 to 9. 
[0068] For ease of understanding, various directional 
terms, such as, right, left, upper, lower, rightward, etc., 
will be used in the following description. However, such 
terms are to be understood with respect to only the 
55 drawing or drawings on which a corresponding part or 
portion is shown. 

[0069] As is seen from the drawings, within the trans- 
mission case 3, there are coaxially installed the input 
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shaft 1 and an intermediate shaft 4. These two shafts 1 
and 4 are coaxially rotatable to each other. A front open- 
ing of the transmission case 3 is covered with a pump 
case that comprises a pump housing 5 and a pump cov- 
er 6. The pump case has the input shaft 1 passed there- 
through. Bearings (no numerals) are arranged between 
the pump housing and the input shaft 1 for bearing the 
input shaft 1 . A rightward leading end of the input shaft 
1 is connected to an output element of a torque convert- 
er (not shown) that is driven an engine (not shown). 
[0070] Within the pump case, there are arranged 
pump elements to constitute an oil pump that is directly 
driven by the engine through a pump drive shaft 51, A 
left end of the intermediate shaft 4 is rotatably supported 
by an rear end lid 7 of the transmission case 3. 
[0071 ] in an axiaily middle portion of the transmission 
case 3, there is provided an intermediate wall 8 around 
which the output gear 2 is rotatably supported. In a cent- 
er opening of the intermediate wall 8, there is arranged 
a hollow shaft 9 through which mutually engaged por- 
tions of the input shaft 1 and the intermediate shaft 4 
are rotatably held. 

[0072] As is seen from Fig. 10, in a front open space 
of the transmission case 3 that is defined between the 
oil pump case (5, 6) and the intermediate wall 8, there 
is arranged the first planetary gear unit G1 . The third 
clutch C3 is arranged to surround the first planetary gear 
unitGL 

[0073] In the first planetary gear unit G1 , the first sun 
gear S1 is immovably held on a center boss portion 6a 
of the pump cover 6 through a serration connection. 
With this, the first sun gear S1 can serve as a reaction 
force holder. The first ring gear R1 serving as a rotation 
input member is mounted to a peripheral portion of a 
flange 1 0 which extends radially outward from the input 
shaft 1 . 

[0074] A clutch drum 1 1 extends radially outward from 
a front end of the intermediate shaft 4 and surrounds the 
first ring gear R1 . 

[0075] In an annular clearance defined between the 
clutch drum 11 and the first ring gear R1, there is ar- 
ranged the third clutch C3. The third clutch C3 compris- 
es a clutch pack 12 that includes alternatively put first 
and second groups of clutch plates, the first group ef- 
fecting a spline-engagement with an inner surface of the 
clutch drum 11 and the second group effecting the 
spline-engagement with an outer surface of the first ring 
gear R1. As shown, the third clutch C3 is arranged 
around the first planetary gear unit G1 . The first ring gear 
R1 can serve as a clutch hub of the third clutch C3. 
[0076] A clutch piston 13 of the third clutch C3 is lo- 
cated at a position opposite to the oil pump case (5, 6) 
with respect to the first planetary gear unit G1 . Thus, the 
clutch piston 13 is coupled with both an end wall 11a of 
the clutch drum 11 and a front end of the intermediate 
shaft 4 which face the first planetary gear unit G1 . 
[0077] Between the third clutch piston 13 and the end 
wall 1 1 a of the clutch drum 1 1 , there is defined a cham- 



ber 52 which is connected to the control valve unit (not 
shown) through a third clutch working oil passage which 
comprises an oil passage 1 4a f ormed in the pump cover 
6, an oil passage 1 4b formed in the input shaft 1 and an 

5 oil passage 14c formed in the intermediate shaft 4. A 
connecting portion between the oil passages 14a and 
14b is sealed from the surrounding by seal rings 54a 
that are disposed between the input shaft 1 and the 
pump cover 6, and a connecting portion between the oil 

10 passages 14b and 14c is sealed from the surrounding 
by seal rings 54b that are disposed between the input 
shaft 1 and the intermediate shaft 4. 
[0078] Accordingly, when receiving a pressurized 
working oil from the control valve unit through the oil 

15 passages 14a, 14b and 14c, the third clutch piston 13 
is moved rightward in the drawing establishing an en- 
gaged condition of the third clutch C3. 
[0079] A drum-shaped connecting member 53 ex- 
tends radially outward from the front end of the hollow 

20 shaft 9 in a manner to cover the third clutch C3. The 
connecting member 53 has a front end connected to the 
first carrier PC1. 

[0080] As has been mentioned hereinabove, the first 
carrier PC1 serves as a rotation output member of the 

25 first planetary gear unit G1 . 

[0081] In a space defined between the intermediate 
wall 8 and the rear end lid 7, there are installed the speed 
change mechanism including the second and third plan- 
etary gear units G2 and G3, the first and second clutch- 

30 es C1 and C2 and the first and second brakes B1 and 
B2 in such a manner as is shown by Figs. 10 and 11 . 
[0082] The second and third planetary gear units G2 
and G3 are coaxially disposed on the intermediate shaft 
4, and the second planetary gear unit G2 is positioned 

35 closer to the input shaft 1 than the third planetary gear 
unit G3 is. 

[0083] The second sun gear S2 of the second plane- 
tary gear unit G2 and the third sun gear S3 of the third 
planetary gear unit G3 are connected by the first con- 
40 necting structure M1 and rotatably mounted on the in- 
termediate shaft 4. 

[0084] A clutch drum 1 5 extends radially outward from 
a middle portion of the hollow shaft 9 and extends axiaily 
rearward to cover the second ring gear R2. 

45 [0085] In an annular clearance defined between the 
clutch drum 15 and the second ring gear R2, there is 
arranged the first clutch C1 . The first clutch C 1 compris- 
es a clutch pack 16 that includes alternatively put first 
and second groups of clutch plates, the first group ef- 

50 fecting a spline-engagement with an inner surface of the 
clutch drum 15 and the second group effecting the 
spline-engagement with an outer surface of the second 
ring gear R2. As shown, the first clutch C1 is arranged 
around the second planetary gear unit G2. The second 

55 ring gear R2 can serve as a clutch hub of the first clutch 
CI. 

[0086] As is described hereinabove, the second 
clutch C2 is positioned closer to the input shaft 1 than 
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the first clutch C1 is. The first clutch C1 is arranged 
around the second planetary gear unit G2. That is, the 
second clutch C2 is positioned away from the third plan- 
etary gear unit G3 as compared with the first clutch C1 . 
A clutch hub 1 7 extends radially outward from a rear end 
of the second sun gear S2, which has an annular plate 
portion. 

[0087] In annular clearance defined between the an- 
nular plate portion of the clutch hub 17 and the clutch 
drum 15, there is arranged the second clutch C2. The 
second clutch C2 comprises a clutch pack 18 that in- 
cludes alternatively put first and second groups of clutch 
plates, the first group effecting a spline-engagement 
with an inner surface of the clutch drum 1 5 and the sec- 
ond group effecting a spline-engagement with an outer 
surface of the annular plate portion of the clutch hub 17. 
[0088] A clutch piston 1 9 of the first clutch C1 and a 
clutch piston 20 of the second clutch C2 constitute a so- 
called double piston structure in which the clutch piston 

20 is coaxially movable within the clutch piston 19, and 
the two pistons 19 and 20 are positioned closer to the 
second clutch C2, that is, away from the first clutch C1 . 
With this arrangement, the clutch piston 20 is coupled 
with an end wall of the clutch drum 15, the end wall fac- 
ing the second planetary gear unit G2. 
[0089] Upon receiving a pressurized working oil from 
the control valve unit through respective oil passages 

21 formed in the intermediate wall 8 and the hollow shaft 
9, the two clutch pistons 1 9 and 20 are coaxially moved 
separately. That is, when these pistons 19 and 20 are 
moved leftward in the drawing, the first and second 
clutches C1 and C2 assume their engaged condition. 
[0090] As has been mentioned hereinabove, the third 
planetary gear unit G3 is of double sun gear type. A face 
width of the third ring gear R3 is made smaller than that 
of each of the third pinions P3, so that the third ring gear 
R3 is meshed with the third pinions P3 at a position near 
the second planetary gear unit G2. Thus, the second 
connecting structure M2 through which the third ring 
gear R3 is connected to the second carrier PC2 of the 
second planetary gear unit G2 can be shortened. 
[0091 ] To the peripheral portion of the third ring gear 
R3, there is connected an end of a cylindrical connecting 
member 22 that surrounds the clutch drum 15 of the first 
and second clutches C1 and C2. The other end of the 
cylindrical connecting member 22 is connected to the 
output gear 2 to rotate therewith. 
[0092] To the third carrier PC3 of the third planetary 
gear unit G3, there is provided the center member CM 
which extends radially inward from the third carrier PC3 
between the third and fourth sun gears S3 and S4, and 
to an axially middle parts of the third pinions P3, there 
is provided the outer member OM which extends radially 
outward from the third pinions P3 along an end surface 
of the third ring gear R3. 

[0093] The center member CM is connected with the 
intermediate shaft 4, so that the third carrier PC3 is con- 
nected to the clutch drum 11 of the third clutch C3 



through the center member CM and the intermediate' 
shaft 4. 

[0094] The outer member OM is provided at its pe- 
ripheral portion with a brake hub 23. The brake hub 23 
5 is arranged around the cylindrical connecting member 
22 and extends forward to the intermediate wall 8. 
[0095] In an annular clearance defined between a 
front end portion of the brake hub 23 and the transmis- 
sion case 3, there is arranged the first brake B1 . The 
10 first brake B1 comprises a clutch pack 24 that includes 
alternatively put first and second groups of clutch plates, 
the first group effecting a spline-engagement with an in- 
ner surface of the transmission case 3 and the second 
group effecting the spline-engagement with an outer 
15 surface of the front end portion of the brake hub 23. Be- 
hind the brake pack 24, there is arranged a brake piston 
25. That is, when the brake piston 25 is moved rightward 
in the drawing, the first brake B1 assumes its engaged 
condition. 

20 [0096] A brake hub 26 is arranged to surround a rear 
end portion of the brake hub 23. The brake hub 23 has 
a rear end wall 26a that extends radially inward along 
the back portion of the third planetary gear unit G3. The 
rear end wall 26a is secured at its inward end to the 
25 fourth sun gear S4 of the third planetary gear unit G3. 
[0097] In an annular clearance defined between the 
brake hub 26 and the transmission case 3, there is ar- 
ranged thesecond brake B2. Thesecond brake B2 com- 
prises a clutch pack 27 that includes alternatively put 
30 first and second groups of clutch plates, the first group 
effecting a spline-engagement with an inner surface of 
the transmission case 3 and the second group effecting 
the spline-engagement with an outer surface of the 
brake hub 26. Behind the brake pack 17, there is ar- 
35 ranged a brake piston 28. When the brake piston 28 is 
moved rightward in the drawing, the second brake B2 
assumes its engaged condition. 
[0098] As is described hereinabove, the first and sec- 
ond brakes B1 and B2 are arranged around the first and 
40 second clutches C1 and C2. But, the first brake B1 is 
positioned closer to the input shaft 1 (or the first plane- 
tary gear unit G1) than the second brake B2 is, and 
these first and second brakes B1 and B2 are positioned 
closerto the second planetary gear u nit G2 than the third 
45 planetary gear unit G3. 

[0099] Between a front end of the brake hub 23 of the 
first brake B1 and the transmission case 3, there is ar- 
ranged a one-way clutch OWC. When, with the first 
brake B1 kept released, the one-way clutch OWC sup- 
50 presses rotation of the third carrier PC3 in a direction, 
the forward first speed is obtained. 
[0100] In case of the first brake effected by the oper- 
ation of the one-way clutch OWC, engine brake is not 
obtained because the one-way clutch OWC permits a 
55 reversed rotation of the third carrier PC3 under engine 
brake. Accordingly, upon need of the engine brake, the 
first brake B1 is engaged for suppressing the reversed 
rotation of the third carrier PC3. 
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[0101] As isseenfrom Fig. 10, within the transmission 
case 3, there is arranged a countershaft 29 which ex- 
tends in parallel with the input and intermediate shafts 
1 and 4 and is rotatable about its axis. The countershaft 
29 has both a counter gear 30 and a final drive pinion 
31 integrally formed thereon. The counter gear 30 is 
meshed with the output gear 2, and the final drive pinion 
31 is meshed with an input gear of a differential gear 
device (not shown) for drive road wheels. 
[0102] As has been mentioned hereinabove, in the 
speed change mechanism of the invention, the second 
planetary gear unit G2 is of a single pinion type and the 
third planetary gear unit G3 is of a double sun gear type. 
These units G2 and G3 constitute the speed change 
mechanism that is arranged behind the first planetary 
gear unit G1 of single pinion type. In the two clutches 
C1 and C2, the first clutch C1 can transmit a reduced 
speed rotation from the first planetary gear unit G1 to 
the second ring gear R2 of the second planetary gear 
unit G2, and the second clutch C2 can transmit a re- 
duced speed rotation from the first planetary gear unit 
G1 to the second sun gear S2 of the second planetary 
gear unit G2. Furthermore, the first clutch C1 is located 
near the second planetary gear unit G2 (single pinion 
type) and the second clutch C2 is located beside the first 
clutch C1 at a position that is away from the third plan- 
etary gear unit G3 (double sun gear type) as compared 
with the second planetary gear unit G2 (single pinion 
type). 

[0103] Accordingly, the speed change mechanism of 
the present invention has the following advantages. 
[0104] That is, as is seen from Figs. 1 and 11, the input 
rotation from the second clutch C2 is transmitted to the 
second sun gear S2 of the second planetary gear unit 
G2 through the clutch hub 17 (or 200, see Fig. 1) and 
the input rotation from the first clutch C1 is transmitted 
to the second ring gear R2 of the same planetary gear 
unit G2 through a part (100, see Fig. 1) of the second 
ring gear R2. 

[0105] Thus, as is seen from Figs. 10 and 11, even 
when the clutch hub 1 7 (or 200) and the part 1 00 of the 
second ring gear R2 are arranged at the same side of 
the second planetary gear unit G2, such members 17 
and 100 have no portions concentrically overlapped, 
which suppresses enlargement of the speed change 
mechanism in a radial direction. 
[0106] Both the first and second clutches C1 and C2 
are located close to the second planetary gear unit G2. 
This arrangement brings about non-necessity of arrang- 
ing clutches in an annular space defined around the third 
planetary gear unit G3 (double su n gear type) that is po- 
sitioned away from the first planetary gear unit G1 (sin- 
gle pinion type). Accordingly, as is seen from Figs. 10 
and 1 1 , the annular space can be used for neatly receiv- 
ing a rear end (viz., rear end lid 7) of the transmission 
case 3, which brings about a reduction in axial length of 
the speed change mechanism , that is, downsizing of the 
transmission case 3. 



[0107] For achieving the above-mentioned advantag- 
es, the speed change mechanism of the invention has 
the following arrangements. 

[01 08] The third carrier PC3 of the third planetary gear 

s unit G3 is arranged to selectively transmit the input ro- 
tation without changing the speed and arranged f ixable 
by the first brake B1 . The fourth sun gear S4 of the third 
planetary gear unit G3 that is positioned away from the 
second planetary gear unit G2 is arranged f ixable by the 

10 second brake B2. The third sun gear S3 of the third plan- 
etary gear unit G3 that is positioned near the second 
planetary gear unit G2 is connected to the second sun 
gear S2 of the second planetary gear unit G2 to consti- 
tute a first unit, so that a speed changed input rotation 

is is transmitted to the first unit from the second clutch C2. 
A speed changed input rotation from the first clutch C1 
is transmittable to the second ring gear R2 of the second 
planetary gear unit G2. The second carrier PC2 of the 
second planetary gear unit G2 and the third ring gear 

20 R3 of the third planetary gear unit G3 are connected to 
constitute a second unit, so that the output rotation of 
the transmission is outputted from the second unit 
through the second gear 2. 

[0109] In the speed change mechanism of the inven- 
25 tion, the first clutch C1 is arranged around the second 
planetary gear unit G2 and the second ring gear R2 of 
the second planetary gear unit G2 is arranged to serve 
as the clutch hub of the first clutch C1 . Accordingly, there 
is no need of providing a connecting member between . 
30 the first clutch C1 and the second ring gear R2 of the 
second planetary gear unit G2, which brings about a 
compact and low cost production of the speed change 
mechanism. 

[0110] The clutch hub 17 of the second clutch C2 is 

35 arranged at the position that is near the second plane- 
tary gear unit G2 and far from the third planetary gear 
unit G3, and the clutch hub 17 is connected to the sec- 
ond sun gear S2 of the second planetary gear unit G2. 
Thus, the connecting member extending between the 

40 second clutch C2 and the second sun gear S2 of the 
second planetary gear unit G2 can have a reduced 
length, which brings about an assured strength of the 
connecting member as well as a smaller and low cost 
production of the speed change mechanism. 

45 [0111] Furthermore, in the present invention, the first 
and second clutches C1 and C2 are constructed to have 
the common clutch drum 1 5 to which the reduced speed 
rotation from the first planetary gear unit G1 is transmit- 
ted. Accordingly, the number of parts is reduced and 

50 thus the cost of the speed change mechanism is re- 
duced. 

[01 1 2] The entire contents of Japanese Patent Appli- 
cation 2002-207290 (filed July 1 6, 2002) are incorporat- 
ed herein by reference. 
55 [0113] Although the invention has been described 
above with reference to the embodiment of the inven- 
tion, the invention is not limited to such embodiment as 
described above. Various modifications and variations 
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of such embodiment may be carried out by those skilled 
in the art, in light of the above description. 



Claims 5 

1. A speed change mechanism of an automatic trans- 
mission, comprising: 

a single pinion type planetary gear unit concen- 1 o 
trically disposed on a position of a given axis 
and includes a sun gear, pinions meshed with 
the sun gear, a ring gear meshed with the pin- 
ions and a carrier rotatably carrying the pinions; 
a double sun geartype planetary gear unit con- is 
centrically disposed on the other position of the 
given axis and includes two sun gears, pinions 
meshed with the two sun gears, a ring gear 
meshed with the pinions and a carrier rotatably 4. 
carrying the pinions; 20 
first and second brakes concentrically arranged 
on different positions of the given axis, the first 
brake being arranged to selectively fix the car- 
rier of the double sun gear type planetary gear 
unit and the second brake being arranged to 25 
selectively fix one of the two sun gears of the 5. 
double sun gear type planetary gear unit; and 
first and second clutches coaxially arranged on 
different positions of the given axis to transmit 
a speed changed rotation to rotational ele- 30 
ments of the two planetary gear units to provide 
the automatic transmission with a desired 6. 
speed or position, 

wherein the first clutch is arranged to transmit 35 
the speed changed rotation to the ring gear of the 
single pinion type planetary gear unit, and the sec- 7. 
ond clutch is arranged to transmit the speed 
changed rotation to the sun gear of the single pinion 
type planetary gear unit; and 40 

wherein the first clutch is concentrically ar- 
ranged around the single pinion type planetary gear 
unit, and the second clutch is coaxially arranged be- 
side the first clutch at a position that is away from 
the double sun gear type planetary gear unit as 45 
compared with the single pinion type planetary gear 
unit. 

!. A speed change mechanism as claimed in Claim 1 , 
in which the single pinion type planetary gear unit 50 
is positioned closer to an input shaft driven by an 
engine than the double sun gear type planetary 
gear unit is. 

. A speed change mechan ism as claimed in Claim 1 , 55 
in which the carrier of the double sun gear type plan- 
etary gear unit is arranged to selectively transmit 
the input rotation without changing the speed and 



fixable by the first brake, one of the two sun gears 
of the double sun gear type planetary gear unit that 
is away from the single pinion type planetary gear 
unit is arranged to be fixable by the second brake, 
the other sun gear of the double sun geartype plan- 
etary gear unit that is near the single pinion type 
planetary gear unit is connected to the sun gear of 
the single pinion type planetary gear unit to consti- 
tute a first unit, so that the speed changed rotation 
from the second clutch is transmitted to the first unit, 
the speed changed rotation from the first clutch is 
transmitted to the ring gear of the single pinion type 
planetary gear unit, and the carrier of the single pin- 
ion type planetary gear unit is connected to the ring 
gear of the double sun geartype planetary gear unit 
to constitute a second unit, so that the second unit 
outputs an output rotation of the transmission. 

A speed change mechanism as claimed in Claim 1 , 
in which the first clutch is arranged around the sin- 
gle pinion type planetary gear unit, and in which the 
ring gear of the single pinion type planetary gear 
unit is constructed to serve as a hub of the first 
clutch. 

A speed change mechanism as claimed in Claim 1 , 
in which a clutch hub of the second clutch is posi- 
tioned at one axial side of the single pinion type 
planetary gear unit that is away from the double sun 
gear type planetary gear unit. 

A speed change mechanism as claimed in Claim 1 , 
in which the first and second clutches have a com- 
mon clutch drum to which the speed changed rota- 
tion is transmitted. 

A speed change mechanism of an automatic trans- 
mission having an input shaft that is rotatable about 
an axis, the speed change mechanism comprising: 

a single pinion type planetary gear unit concen- 
trically disposed around a position of the axis 
near the input shaft and includes a sun gear, 
pinions meshed with the sun gear, a ring gear 
meshed with the pinions and a carrier rotatably 
carrying the pinions; 

a double sun gear type planetary gear unit con- 
centrically disposed around the other position 
of the axis away from the input shaft and in- 
cludes two sun gears, pinions meshed with the 
two sun gears, a ring gear meshed with the pin- 
ions and a carrier rotatably carrying the pinions, 
the two sun gears being an inner sun gear di- 
rected toward the input shaft and an outer sun 
gear directed away from the input shaft; 
first and second brakes coaxially arranged 
around different positions of the axis, the first 
brake selectively fixing the carrier of the double 
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sun gear type planetary gear unit and the sec- 
ond brake selectively fixing the outer sun gear 
of the double sun gear type planetary gear unit; 
and 

first and second clutches coaxially arranged 5 
around different positions of the axis, the first 
clutch selectively transmitting a speed changed 
rotation to the ring gear of the single pinion type 
planetary gear unit, and the second clutch se- 
lectively transmitting a speed changed rotation 10 
to the sun gear of the single pinion type plane- 
tary gear unit, 

wherein the first and second clutches are ar- 
ranged in the vicinity of the single pinion type plan- 15 
etary gear unit having the second clutch positioned 
in a space defined between the first clutch and the 
input shaft. 

A speed change mechan ism of an automatic trans- 20 
mission having an input shaft that is rotatable about 
an axis, the speed change mechanism comprising: 

a single pinion type planetary gear unit concen- 
trically disposed around a position of the axis 25 
near the input shaft and includes a sun gear, 
pinions meshed with the sun gear, a ring gear 
meshed with the pinions and a carrier rotatably 
carrying the pinions; 

a double sun gear type planetary gear unit con- 30 
centrically disposed around the other position 
of the axis away from the input shaft and in- 
cludes two sun gears, pinions meshed with the 
two sun gears, a ring gear meshed with the pin- 
ions and a carrier rotatably carrying the pinions, 35 
the two sun gears being an inner sun gear di- 
rected toward the input shaft and an outer sun 
gear directed away from the input shaft; 
first and second brakes coaxially arranged 
around different positions of the axis, the first 40 
brake selectively fixing the carrier of the double 
sun gear type planetary gear unit and the sec- 
ond brake selectively fixing the outer sun gear 
of the double sun gear type planetary gear unit; 
first and second clutches coaxially arranged 45 
around different positions of the axis; 
a first connecting member through which a 
speed changed rotation is transmitted to the 
ring gear of the single pinion type planetary 
gear unit from the first clutch; and 50 
a second connecting member through which a 
speed change is transmitted to the sun gear of 
the single pinion type planetary gear unit from 
the second clutch, 

55 

wherein the first and second connecting 
members have no portions which are concentrically 
overlapped around the axis. 
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